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Abstract 
Effects of pulsed electric fields (PEF) on the structure of soybean protein isolates (SPI) were studied by Raman 
spectra (RS). The secondary structure of SPI mainly consisted of -helix and -sheet. The changes of Raman 
characteristic peaks of amide I and amide III indicated that PEF induced the content of -sheet and random coil to 
increase. The decrease of peak 921cm-1 showed the lower of -helix content. The changes of S-S and C-C vibrational 
peaks indicated that PEF influenced the sulfhydryls and disulfide bonds. PEF influenced hydrophobicity by changes 
in tyrosine vibration frequency of RP and caused more hydrophobic groups and regions inside the molecules to 
expose outside. Too strong PEF conditions made hydrophobic groups interactions form and bury inside again. 
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1. Introduction 
Pulsed electric fields (PEF) is a no-thermal food processing method, among which liquid or semi-solid 
food are treated with high voltage (0-15 kV), short pulse (0-2000 s), and mild temperature condition [1, 2]. 
The food is put the between two electrodes, then imposed by PEF repeatedly. PEF can make microbial 
cell membranes perforation, rupture, and damage the structure of the enzyme so as to achieve the purpose 
of sterilization and inactivation of enzymes. Compared with the traditional heat sterilization, PEF can 
save food original flavor, color, taste and nutritional value to the maximum because of shorter pulses time, 
lower thermal energy consumption and smaller changes of food composition caused by the heat [3-5]. 
There are little studies on the effect of PEF on food composition. This technology was later in our country, 
which is still in the initial stage of study. SPI is prepared with defatted soybean flour as raw material, 
according to the alkali-solution and acid -precipitation process, which is the main component of soybean 
protein. SPI not only has important nutritional value and health care functions, but also some important 
physicochemical and functional properties such as viscoelasticity, gelation, emulsibility, foamability etc. 
So SPI is widely used in food industry as an important functional component and food additive in food 
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formulations. In our previous studies, some physicochemical properties of SPI by PEF were found[6], 
which is macroscopic manifestation of its structure. In this paper, effects of PEF on the space structure of 
SPI were studied by RS at the molecular level, which provide certain theoretical reference for the 
application of PEF technology in soybean protein food and food safety. 
2. Experimental apparatus and reagent 
2.1 PEF processing unit and instruments 
Fig. 1 is a diagram of the PEF bench-scale processing unit (OSU-4L). High voltage generator can 
produce 0-50 kV one-pole or bipolar square wave pulse voltage. Flip-flop is used to control the pulse 
width (0-8 s), pulse frequency (0-1500 Hz) and pulse delay time. Automatic digital gear pump is used to 
control the flow rate of the sample. Binary channel digital oscilloscope monitors the amount of voltage 
and current value. This experiment used six consecutive tubular chambers with inner diameter is 0.23 cm. 
Each chamber consists of an insulators and two tubular stainless steel electrodes with a gap distance of 
0.292 cm. Two chambers are linked by two stainless steel helix tubes, and the stainless steel helix tubes 
are submerged in the thermostatic water bath to control the temperature. There is a thermoelectric 
thermometer in every chamber’s inlet and outlet to detect the temperature of the sample. The ranges of 
parameter are 0-15 kV of voltage, 1-8 μs the of pulse width; continuous process chamber, 48-120 ml/min 
of flow velocity of sample, 0.001-0.009 s of pulse cycle, 0-1500 Hz of pulse frequency, bipolar pulse, and 
square wave. 
 
Fig. 1 Diagram of the PEF bench-scale processing unit (OSU-4L). 
LabRam-1B Raman spectra microscopy (Dilor company in France), DDS-11AT Digital conductivity 
meter (Shanghai rex xinjing instrument Co., Ltd.), TGL-16C Centrifugal machine (Shanghai anting 
scientific instrument Factory), LGJ-1Gfreeze dryer (Shanghai medical analysis instrument factory) 
2.2. Preparation of SPI 
The soya bean flour was dissolved in 1:10 ratio of a flour/water, pH was adjusted to 8.0 by 2M NaOH. 
After stirred for 3h the mixture were centrifuged for 30min at 1300g. The supernatant was adjusted to 4.5 
(the isoelectric point of SPI) by 2M HCl and centrifuged at 1300 × g and 25 °C for 15 min. the sediment 
was washed by the water for 3 times and dissolved again with little water, pH was adjusted to7.0 by 2M 
NaOH, finally SPI products were obtained by freeze drying and stored at 4 °C. 
2.3. Design of parameters and handling of sample 
The flow rate of sample was 60 ml/min, electric strength 30 kV/cm, pulse frequency 400 Hz, pulse 
width for 2 μs, and pulse t time 0, 72, 144, 288, 432 and 547 μs, respectively. 4%of SPI solution was 
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handled at the different pulse parameters. 
3. Determination of Raman spectra of SPI 
SPI was dispersed in the heavy water to 100mg/ml solution and stored at 5  for 48h to make H/D 
exchange completely before analysis. Experimental conditions were that scanning frequency range was 
200-1800 cm-1, He-Ne laser, 632.8 nm wavelength, 6.4 mW power, integral time 100 s, at room 
temperature. 
4. Result and discussion 
Raman spectra (RS) is a kind of scattering spectra, which results from molecular vibration and 
rotation. At present, RS is thought to be a very promising new technology in the study of biological 
macromolecules, especially the space structure of biological macromolecules in solution. Because the 
environment of peptide bond (amido-bond ) is the reflect of protein backbone conformation, the backbone 
conformation of protein can be deduced using specifc vibronic bands of peptide bond as index. The three 
kinds of secondary structure ( -helix, -sheet and random coil) can be analyzed definitely with this 
method[7]. Table 1 is the main band assignments of RS, and Fig.2a, 2b are RS of SPI after PEF-treated 
and untreated, respectively. 
Table 1 Raman frequencies and band assignments 
Peak frequency (cm-1) Vibration source Description 
510 S-S cysteine residue 
525 S-S cysteine residue 
540 S-S cysteine residue 
510 S-S cysteine residue 
755 C-S cysteine residue 
830 Tyr tyrosine residue 
850 Tyr tyrosine residue 
921 C-C -helix 
939 C-C -helix 
1033 phe phenylalanine residue 
1006 phe phenylalanine residue 
1230-1248 amide III -sheet 
1242-1250 amide III random coil 
1264-1310 amide III -helix 
1645-1662 amide I -helix 
1665-1681 amide I -sheet 
1660 amide I random coil 
1680 amide I random coil 
4.1. The analysis of secondary structure of protein 
The backbone conformation of protein was identified by characteristic peaks of amide I and amide III, 
which amide I is stretch of the bond C=O and C-N, and amide III is stretch of the bond C-N and bend of 
N-H on one plane (Overman &Thomas, 1995). Table 1 showed that at amide I the vibration frequency of 
RS of - helix was1645-1662 cm-1, -sheet 1665-1681 cm-1, and random coil 1660, 1680 cm-1, and at 
amide III the vibration frequency of RS of  - helix was1230-1310 cm-1, -sheet 1230-1248 cm-1, and 
random coil 1230-1250 cm-1. In addition, 890-945 cm-1was the sensitive vibration frequency of RP of - 
helix. For PEF-untreated SPI, Raman characteristic peaks of amide I and amide III was 1670 cm-1 and 
1248 cm-1, at 890-945 cm-1 characteristic peaks were 921 cm-1and 939 cm-1(Fig. 2a). 1670 cm-1was the 
characteristic peaks of -sheet at amide I, 1248 cm-1 was the characteristic peaks of -sheet and random 
 Ying-Qiu, Li /  Physics Procedia  33 ( 2012 )  132 – 137 135
coil at amid III (Table 1). Thus it can be concluded that the secondary structures of SPI mainly consisted 
of -sheet and random coil. After PEF treatment there was no change in wave number of Raman 
characteristic peaks1670 cm-1 at amide I. However, the height of peak increased to some extent, 
indicating PEF induced the content of -sheet to increase (Fig. 2b). Raman characteristic peaks1248 cm-1 
moved to1242 cm-1 at amide I, meanwhile, the height of peak increased also, indicating PEF induced the 
content of -sheet and random coil to increase. The characteristic peaks 921 cm-1weakened even 
disappeared, 939 cm-1 moved to 934 cm-1, showing -helix structure was destroyed. That may be fracture 
of the hydrogen bond (the hydrogen bond is between one C=O of peptide bond and N-H of the former 
third peptide bond) used for keeping -helix structure of SPI. PEF induced the content of -helix to 
increase. The lamellar structure of -sheet induced hydrogen bond to form between lamellae, which 
closed inter molecular distance, gathered, and led to protein precipitation. 
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Fig. 2 Ramam spectra of SPI PEF-treated (a: control, b: 547μs) 
4.2. Analysis of sulfhydryls and disulfide bonds 
In RS, stretch vibrational peaks of S-S and C-C are in the range of 500-700 cm-1. The disulfide bridges 
(C-C-S-S-C-C) formed by two cysteines have three configurations: gauche-gauche-gauche, 
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gauche-gauche-trans, and trans- gauche-trans judged by S-S vibration frequency, which are 510 cm-1, 525 
cm-1and 540 cm-1, respectively. The S-S stretch vibration frequency of natural protein is near 510 cm-1. 
The decrease of the height of peak 510 cm-1and emergence of 525 cm-1or 540 cm-1 indicated denaturation 
of protein partly. Fig. 2a shows S-S stretch vibration frequency was 508 cm-1, indicating SPI side chain 
configuration was tortuosity-tortuosity-tortuosity. From Fig. 2b, S-S stretch vibration frequency 
decreased or disappeared after PEF treatment, and the characteristic peak 543.80 cm-1 appeared near 
540cm-1, indicating that PEF influenced the vibration of disulfide bonds and the configuration of protein 
turned tortuosity-tortuosity-tortuosity into trans- tortuosity-trans. In addition, C-S vibration frequency of 
cysteine residue was nearby 750 cm-1, and the vibration frequency of untreated SPI 755 cm-1. When PEF 
treatment time was 144 μs or 288 μs, the increase of height of peak 755 cm-1 indicated the content of 
cysteine residue increased (no Fig shown). However, when PEF handling time was 547 μs, height of peak 
755 cm-1 decreased even disappeared. This showed the content of free sulfhydryls decreased even 
disappeared (Fig. 2b), which indicated PEF influenced the sulfhydryls and disulfide bonds. 
4.3. Analysis of hydrophobic environment 
Characteristic vibration frequencies of ring absorbtion vibration and out-of-plane bending vibration of 
tyrosine are nearby 830 cm-1, 850 cm-1. Ratio of the relative intensity (I850:I830) are very sensitive to 
properties of hydrogen bond and ionization of phenolic hydroxyl, which is used to identify the extent of 
hided and exposed tyrosine residue. When I850:I830 is 0.3-0.5, tyrosine residue is hided in hydrophobic 
environment and formed strong hydrogen bond. 1.25-1.4 of I850:I830 indicates that tyrosine residue is 
exposed to dissolve completely. I850:I830 for untreated control sample was 0.68. When PEF treating time 
was 144 μs 288 μs, I850:I830 was 0.92, 1.39, respectively. The increase of I850:I830 after PEF-treated 
indicated that PEF destroyed hydrogen bond maintaining the third structure of protein, caused more 
hydrophobic groups and regions inside the molecules to expose outside, and interacted with water as 
donor or receptor of hydrogen bond. The exposure of tyrosine hydrophobic groups increased the surface 
hydrophobicity of protein. When PEF treatment time was 547μs, I850:I830 lowered to 0.87, which indicated 
PEF made hydrophobic groups bury inside by hydrophobic interactions. This was consistent with 
previous determination of surface hydrophobicity. The Table 1 shows SPI has strong characteristic peak 
at 1006 cm-1and 1033cm-1. This peak was generated by the breathing vibration of phenylalanine. However, 
there was no influence on relative intensity 1006 cm-1and 1033cm-1 by PEF treatment.  
5. Conclution 
The secondary structure of SPI mainly consisted of -helix and -sheet. The changes of Raman 
characteristic peaks of amide I and amide III indicated that PEF induced the content of -sheet and 
random coil to increase. The decrease up to disappearance of characteristic peak 921cm-1 showed -helix 
was destroyed so as to lead to protein precipitation. The changes of S-S and C-C vibrating peaks indicated 
that PEF influenced the sulfhydryls and disulfide bonds. PEF destroyed hydrogen bond by changes in 
tyrosine vibration frequency of RS, and caused more hydrophobic groups and regions inside the 
molecules to expose outside. Tyrosine residues interacted with aqueous as donor or receptor of hydrogen 
bond. The exposure of tyrosine hydrophobic groups caused the hydrophobicity of protein surface to 
increase. Too strong PEF conditions made hydrophobic groups interactions and bury them inside again. 
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